INTRODUCTION
Obesity is a global concern. The World Health Organization predicts that by 2015, 700 million of the world's population will be obese, as defined by a body mass index of at least 30 (calculated as weight (kg)/height(m) 2 ). 1 Based on surgical techniques originating in the 1950s, bariatric surgery has developed considerably and has increased in popularity in recent years. 2 Procedures have traditionally been described as being either restrictive or malabsortive, 3 but a greater understanding of the pathophysiology of obesity, including the role of gut hormones, has showed this to be a rather simplistic view of the various procedures. 4 Use of minimally invasive techniques has increased significantly in recent years and is now recognised as standard practice in most Western countries. 2 5 Health consequences attributed to obesity are well documented and involve physical, psychological, and social consequences. 1 6 After bariatric surgery, patients have been shown to have an improvement or a complete resolution of their comorbidities. 7 Bariatric surgery has been shown to reduce the risk of death, hospital admission, and long term cost to the health service. [8] [9] [10] In the United Kingdom, the National Institute for Health and Clinical Excellence (NICE) published guidance on the use of bariatric surgery in 2002. 11 Morbid obesity was defined as a body mass index exceeding 40 or a body mass index of 35 or greater with significant coexisting disease that could be improved by weight loss. A systematic review has concluded that surgery is superior to conventional treatment in reducing weight. However, the review failed to show the superiority of one surgical method over the others. 12 Ells and colleagues investigated the demographics of patients who had bariatric surgery in England between 1996 and 2005. 13 They identified significant variation in the regional provision of this service. Little is known about the trends and demographics of bariatric surgery in England in more recent years. The aim of this study was to investigate national trends in the contemporary use of bariatric surgery in England. In particular, we sought to describe the use of different surgical techniques, as well as the uptake of laparoscopic surgery, and to examine the factors influencing postoperative outcome after bariatric surgery.
METHODS

Hospital Episode Statistics
The Hospital Episode Statistics (HES) dataset has been described previously. 14 In brief, this dataset is nationally collected and incorporates all admissions to NHS trusts in England (a trust may comprise more than one hospital site). Patients treated in non-NHS hospitals are not included in this dataset. During the period of this study, no national database included all bariatric patients in the independent sector and the NHS in England. HES data include diagnostic, procedural, and demographic information. The finished consultant episode represents the time a patient spends under the care of a specialist or other allied health professional. These episodes may be linked into a single admission. A patient is assigned a primary diagnosis code and up to 13 secondary diagnoses codes by using the ICD-10 (international classification of diseases, 10th revision). Up to 12 procedural codes are assigned by using the Office of Population Censuses and Surveys Classification of Surgical Operations and Procedures, 4th edition (OPCS-4.4, introduced in 2007). Earlier editions of OPCS were used for admissions before the OPCS-4.4 was introduced. Data on patients' death after admission is available through a link between the HES database and the Office of National Statistics. 15 The Carstairs index is used to measure socioeconomic deprivation. This is based on a patient's postcode and specifically uses four variables: unemployment, overcrowding, car ownership, and social class. Comorbidity is measured with the Charlson comorbidity index, which was originally validated against mortality. 16 
Inclusions
We included in the study all adult patients who had a primary elective bariatric procedure (gastric bypass, gastric banding, or sleeve gastrectomy) with a primary diagnosis of obesity between April 2000 and March 2008. We used the following ICD-10 diagnosis codes to denote obesity: E66.0-obesity due to excess calories, E66.1-drug induced obesity, E66.2-extreme obesity and hypoventilation, E66.8-other obesity, and E66.9-obesity unspecified.
We used OPCS-4 codes to select those patients who had a primary bariatric procedure with a primary diagnosis of obesity. We used separate codes to define three types of bariatric surgery: gastric bypass, sleeve gastrectomy, and gastric banding (table 1) . A separate code for sleeve gastrectomy was introduced in OPCS 4.3 (April 2006). We used laparoscopic codes (Y508-other specified approach through abdominal cavity, Y75-minimal access approach to abdominal cavity) to differentiate laparoscopic from open procedures. We did not include other bariatric procedures such as biliopancreatic diversion because of disparate coding for these procedures.
We divided patients into three age groups: 17-40 years, 41-60 years, and older than 60 years. The Carstairs deprivation index allowed us to classify patients into five groups (1-5, in order of increasing socioeconomic deprivation; category 6 denotes patients with no Carstairs index recorded). We divided patients into two groups on the basis of their Charlson comorbidity index: those with a score of 0-2 and those scoring greater than 2.
Outcome measures
We defined readmission as an unplanned admission within 28 days of discharge after the primary bariatric procedure. We studied predictors of in-hospital mortality at 30 days and total mortality at 365 days. Data on deaths at 365 days were available from April 2000 to March 2005, so we did not include patients admitted after March 2005 in the analysis of 365 day mortality. Length of stay refers to the number of nights spent in hospital on the primary admission.
Provider volume
We defined providers as NHS trusts doing primary bariatric procedures from 2000 to 2007. We ranked patients into equal thirds of provider volume, giving low volume, medium volume, and high volume groups, according to the total caseload during the study period. We therefore considered provider volume as a categorical variable. This approach has been used previously in other outcome studies that have considered volume in the absence of a priori data. [17] [18] [19] [20] Statistical methods We used SPSS 17.0 for statistical analyses. We considered P values <0.05 to be significant. We used χ 2 analyses to investigate categorical variables. We investigated continuous variables that were normally distributed by using the t test and analysis of variance. We analysed non-parametric data by using MannWhitney, Kruskal-Wallis, and Spearman's tests. We used multiple logistic regression analyses to investigate independent predictors of readmission within 28 days and 30 day mortality. We included in the multiple regression analysis those variables that showed a level of significance of P<0.1. We logarithmically transformed data on length of stay before the regression analysis.
RESULTS
Between April 2000 and March 2008
, 6953 adults had a primary elective bariatric procedure. Of these, 3191 patients had gastric bypass, 3649 had a gastric banding During the study period, 85 providers carried out between 1 and 604 procedures each; 154 consultant surgeons did between 1 and 552 procedures each over the study period. We divided NHS hospitals into thirds according to their total caseload over the eight year study period. After ranking patients according to the total volume of procedures carried out by their provider, we considered a low volume provider to be a hospital trust that did 188 procedures or fewer and a high volume provider to be a trust that did more than 384 procedures over the study period. We considered the remaining trusts to be medium volume providers. Table 2 shows the characteristics of the patients who had bariatric surgery. 
Mortality outcomes
Overall, 30 day postoperative mortality was 0.3% (19/ 6953) . Between April 2000 and March 2005 (that is, when 365 day postoperative mortality data were available), one year mortality was 1.3% (24/1866). Table 3 shows the 30 day and 365 day mortality, readmission rate, and length of stay by operation. As the sleeve gastrectomy code was introduced in 2006, the 365 day mortality is not available for these patients. Table 4 shows the characteristics and outcomes of patients who had laparoscopic and open bariatric procedures. Sex and age were not associated with either 30 day mortality (sex P=0.841; age P=0.900) or 365 day mortality (sex P=0.122; age P=0.693).
We found no variation over the study period in postoperative mortality (P=0.618), mortality at one year (P=0.614), or readmissions (P=0.817).Operation type and comorbidity score were predictors of postoperative mortality in multiple logistic regression analysis (table 5) .
day unplanned readmission and length of stay
The overall median length of stay was 3 (interquartile range 2-6) days, and the readmission rate was 8% Patients treated in medium volume trusts had the shortest length of stay (low volume 4 (2-6) days (n=2365) v medium volume 3 (1-5) days (n=2365) v high volume 4 (2-6) days (n=2109); P<0.001).
On multiple linear regression analysis, sex, type of operation, laparoscopic approach, age, comorbid status, social deprivation, and trust and consultant volume were predictors of length of stay (table 6) .
Gastric bypass versus gastric banding
Gastric banding and gastric bypass are the two most prevalent bariatric procedures in England; gastric bypass procedures increased as a proportion of the 
DISCUSSION
This population based observational study included 6953 patients who had primary bariatric surgery over an eight year period. This is the first study to analyse national outcomes after surgery for obesity in England.
Over the study period, we saw an exponential increase in the volume of bariatric surgery being carried out. By 2007, largely equivalent volumes of gastric bypass and gastric banding procedures were being done. Women and patients from more socially deprived areas were more likely than men and patients from more affluent areas to have bariatric surgery in NHS hospitals. Patients with higher comorbidities and those from more socially deprived areas showed poorer peri-operative outcome than did other patients. Over the study period, an exponential increase in use of minimal access bariatric surgery occurred. The availability of the laparoscopic approach has been accompanied by a lower readmission rate and shorter duration of inpatient stay. Over the later part of the study period, the number of bariatric procedures carried out seems to have increased sharply (figure). The reasons for the rapid expansion in provision of bariatric surgery in recent years are manifold. The NICE guideline, advocating the use of surgery for obesity, was published in 2002. 11 An anticipated delay in changes to everyday practice regularly follows the implementation of such a guideline, given the requirement for training and expansion of services. In addition, agreement must be sought from primary care trusts (the main commissioners in the NHS) that obesity surgery will be funded. In conjunction with the growing level of obesity, as patients become more aware of surgery as a viable treatment option, demand for surgery among morbidly obese patients increases. The expansion of bariatric surgery will begin to tackle the unmet need for bariatric surgery.
As the use of laparoscopy has increased, so have the absolute numbers of bariatric procedures. As with other procedures, a learning curve is associated with bariatric surgery. 21 In this study, despite the relatively low numbers of procedures done by individual surgeons and providers, we saw no increase in either readmission or mortality rates over the study period, suggesting that laparoscopy has been introduced in a safe manner into the NHS. Indeed, laparoscopy was associated with improved outcome as measured in this study.
Banding versus bypass
Gastric banding was the most common operation in patients having primary bariatric surgery in England. This study showed a lower readmission rate at 28 days, 
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reduced 30 day and 365 day mortality, and a shorter length of stay after gastric banding compared with gastric bypass and sleeve gastrectomy, although we did not compare postoperative weight loss, morbidity, or revision rates. These findings agree with those of a recent prospective randomised study, in which gastric banding performed more favourably than gastric bypass in terms of mortality at one year and readmission within 30 days. 22 Lancaster and Hunter found similar results in an observational study using American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) data from the United States. 23 The NSQIP study also reported a reduced 30 day complication rate among patients having laparoscopic gastric banding compared with laparoscopic gastric bypass.
However, mortality, readmission rates, and length of stay are not the predominant outcome measures of interest to bariatric surgeons. Importantly, gastric bypass has been shown to be superior in terms of percentage postoperative weight loss. 24 Furthermore, patients selected for gastric bypass may have higher body mass index than those selected for banding. This may explain some of the differences in outcome seen between banding and bypass patients. Clinical registry data will be useful to assess other outcomes from bariatric surgery, such as weight loss and postoperative complications. In the United Kingdom, the National Bariatric Surgery Registry (NBSR) has recently been launched. This registry will be important in continuing to assess the safety as well as the efficacy of bariatric surgery. In our study, the increase in gastric bypass procedures outstripped that of gastric banding between 2000 and 2008. This trend is diametrically opposed to that in the United States, where gastric banding has increased at a faster rate than bypass. 2 25 The reasons for these opposing trends are unclear. The US Food and Drug Administration first approved laparoscopic adjustable gastric bands in 2001. In contrast, England and Europe have a longer history of experience with gastric banding. This historical difference in practice may explain the increasing preference in Europe for bypass, as European surgeons became aware early of the disadvantages of banding. Although banding may be technically less challenging to learn and carry out, the increased weight loss seen after bypass may be an additional driver of the increasing preference in Europe for gastric bypass.
Patient related factors
The predominance of female patients having bariatric surgery seen in this study has been observed in other studies. Psychological factors, such as reduced self esteem and greater rates of depression in female patients, have been reported previously. 26 Male patients on the other hand may seek bariatric surgery only when comorbidities become advanced or in the presence of more extreme body mass index. 27 Although most sleeve gastrectomy patients were also female, we found a greater proportion of male patients (49%) in this group than with other types of surgery.
Hamoui and colleagues noted a similar proportion of male patients having sleeve gastrectomy. 28 The preponderance of men in the sleeve gastrectomy group may be explained by this procedure being used more often in patients at higher surgical risk and men possibly presenting with higher body mass index.
Our study shows an inverse relation between socioeconomic status and bariatric surgery (table 1); more patients who had bariatric surgery in NHS hospitals were from areas of lower social deprivation. A higher prevalence of obesity or more extreme body mass index in people from more deprived backgrounds may account for this. The percentage of patients from more affluent backgrounds, however, increased over the study period, which may be a result of the inclusion of patients from the independent sector treated in NHS hospitals or of greater increases in rates of obesity over time in the least deprived groups. No national dataset includes all bariatric patients in the NHS and independent sectors. Private patients treated in the independent sector are not included in the Hospital Episode Statistics dataset. Hence the actual number of more affluent patients having bariatric surgery in England is likely to have been under-represented in this national study.
Variation between institutions
We found a wide variation in the number of procedures carried out by different institutions over the study period. The definition of high volume provider used in this study differed from that used by the American College of Surgeons. 29 In our study, we defined a high volume institution as an NHS trust that carried out more than 384 procedures over the study period. The American College of Surgeons defines high volume by centre, with a number of operations exceeding 125 a year needed to qualify as a level 1a/1b centre. 29 In our study, only 8/85 (9.4%) providers met this definition in 2005. Medium volume providers had a lower readmission rate at 28 days and a shorter length of stay compared with low and high volume providers, although the differences in readmission were not statistically significant after regression analyses. However, higher volume centres did more gastric bypass procedures. Complex patients are likely to be referred to tertiary centres for surgery. These tertiary referral centres, with more specialised expertise, are likely to be higher volume centres. Differences in the case mix or complexity of patients not accounted for in this study may explain the variation in readmission rates and length of stay between high and medium volume centres. Use of scoring systems such as the obesity surgery mortality risk score may allow more meaningful comparisons to be drawn between centres operating on patients with different levels of risk. 30 We considered volume as a categorical variable in this study. This method is similar to that used for other studies looking at volume. 17 31 We defined the thresholds before analysis by using a statistical approach, thereby attempting to negate the bias of selecting thresholds that reach significance. Some researchers have handled volume as a continuous variable. 32 The output, when a continuous approach is used, is difficult to interpret in a manner that is clinically meaningful.
Study limitations
The disadvantages of routinely collected datasets have been described elsewhere. 14 33 34 However, HES data have been used previously to assess the uptake in bariatric surgery in the early years. 13 HES data are limited in the outcome measures that are available. From this dataset, we could draw no comparisons between procedures in terms of postoperative weight loss, reoperation rate, resolution of comorbidities, or health related quality of life. However, in terms of documenting the national safety of bariatric procedures, mortality, unplanned readmission, and length of stay are important outcome measures.
In this study, we compared gastric bypass, gastric banding, and sleeve gastrectomy. The specific code for sleeve gastrectomy was introduced only in 2006, limiting the numbers of sleeve gastrectomy procedures. We excluded complex bariatric procedures such as biliopancreatic diversion from this study. As such, this study may have underestimated the morbidity associated with bariatric surgery.
Conclusion
Use of bariatric surgery has increased exponentially in England in recent years. This seems to have occurred safely despite a large increase in uptake of minimal access techniques. Although postoperative weight loss and reoperation rate were not evaluated in this observational population cohort study, patients selected for gastric banding had lower postoperative mortality, readmission rates, and a shorter length of stay than those selected for gastric bypass. 
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